The Capsicum genus comprises hundreds of varieties with fruits that differ widely in shape, size, color, and flavor. The Brazilian cuisine consumes Capsicum baccatum L. (pepper) extensively and few reports about chemical composition and biological properties about this pepper were published. The present study determined four factors numeric effects on germination in vitro of this specie, among them, the solution type for osmotic conditioning (water and 1% KNO3 aqueous solution), germination medium (agar and agar + gibberellic acid at 1.88 mgL -1 ), post-seeding time (15 and 30 days) and two genotypes (Pitanga and Cambuci) on two germination parameters (germination and cotyledon emerging rates), as first step for establishing a cell suspension culture to produce secondary metabolites. The methodology was a two-level full factorial experimental design (2 4 ). The results allowed polynomial equations definition which describes the germination phenomena as a function of the four factors under study. The genotype responses to osmotic conditioning and germination medium were different. The optimal combination of treatments for in vitro germination and development of seedlings for Pitanga and Cambuci was water + agar and water + agar-GA3, respectively.
Introduction
The Capsicum genus (Solanaceae) includes hundreds of varieties with fruits that differ widely in shape, size, color and flavor. Native from Central and South America, the Capsicum peppers have an important economic value (Manzur, Penella, & Rodríguez-Burruezo, 2013; Zimmer et al., 2012) being used as spice and condiment in cooking around the world. Have a high nutritive value besides being a rich source of vitamins C (ascorbic acid), A (β-carotene and provitamin A), B2 (riboflavin), B3 (niacin), E, K and B6, along with minerals like molybdenum, manganese and potassium (Kothari, Joshi, Kachhwaha, & Ochoa-Alejo, 2010) .
Brazilian cuisine consumes different varieties of Capsicum baccatum L.
extensively and few reports about chemical composition and biological properties on this pepper have been published. Recently, antioxidant and anti-inflammatory activities associated to its phenolic compounds and flavonoids have been demonstrated (Bertão, Moraes, Palmieri, & Pereira, n.d.; Zimmer et al., 2012) .
Nevertheless, in many cases, the natural availability of these compounds is low and the plant extraction methods require using some part or the entire plant. These practices are not sustainable, even more, when the plant is rare or endangered. The in vitro culture techniques can solve these drawbacks (Matkowski, 2008) .
The plant cell and tissue culture is an essential tool for basic and applied academic studies as well as in industrial applications including several cultivation methodologies under sterile conditions such as seed germination, micro propagation, callus and cell suspension culture (Wilson & Roberts, 2012) . In vitro propagation methods allow the selective, rapid and effective production of secondary metabolites avoiding seasonal, soil, geographical constrains as well as pests (Costa, Gonçalves, Valentão, Andrade, & Romano, 2013) . Fidemann et. al. 3 Micro propagation is one of the most important areas where in vitro culture has played a commercially remarkable role. In vitro propagation technologies when well-developed and/or adapted are critical for genetic resources and genetic improvement of the species conservation programs. A large number of important plants from horticultural, floricultural, and silvicultural have been successfully propagated. Among the most important in vitro technique applications, is the micro propagation of medicinal plants, species threatened and plants producing spices, flavoring and coloring substance (Matkowski, 2008; Purohit, 2013) . Recent research on Capsicum cell culture also showed the great potential of in vitro cultivation techniques for understanding the cellular and molecular processes involved in the expression and production of metabolites of commercial interest (Kehie, Kumaria, Tandon, & Ramchiary, 2015) .
In vitro seed germination is a decisive step for the success of numerous in vitro culture procedures and often allows a higher germ inability than in nurseries, greenhouses or field, probably because in vitro conditions are more suitable for germination processes and early seedling development. In vitro seed germination protocols are frequently used to produce sterile seedlings, which are source of shoot tips and stalk as explants for micro propagation (Kothari et al., 2010) .
Some factors should be considered in order to optimize in vitro seed germination process and the subsequent seedling development, among these, plant growth regulator types and concentrations, culture medium nutrient composition, photoperiod, post-seeding time (Roy & Banerjee, 2001) . Other important factors to take into account in the in vitro methodology are the pre-germination treatments with the major purpose of promoting seed priming and increase the physiological potential of seeds, uniformizingits vigor. Capsicum and others different plant species (Bello-Bello, Canto-Flick, Balam-Uc, Gómez-Uc, & Robert, 2010; Bora, Gogoi, & Handique, 2014) and the influence of genotypes have been demonstrated (Shahzad & Sahai, 2014) .
To determine the critical combination of factors that permit the improvement of in vitro germination in Capsicum seeds is an important strategy to develop multivariate protocols. Thus, this study aimed to evaluate the main effects of four factors potentially involved in the enhancement of in vitro seed germination in two genotypes of C. baccatum, the solution type for osmotic conditioning, germination medium, post-seeding time and genotypes, as well as the interactions between them on germination and cotyledon emerging rates, as a first step for establishing a cell suspension culture to produce secondary metabolites with commercial value in this species, besides demonstrate the potential of "two-level" full factorial experimental design for systemic establishing of the in vitro seed germination protocols.
Materials and Methods

Plant Material
The experiments were carried out in theLaboratório de Biotecnologia Vegetal, Seeds were separated in two plots (200 seeds each) and used for assessing in vitro germination. Fidemann et. al. 5 
Seeds Pretreatment and Disinfestation
Seeds of each Capsicum baccatum L. genotypes were submitted to pretreatment with 1%KNO 3 aqueous solution (w/v) for 10 minutes in order to evaluate its influence on osmotic conditioning. The remaining seeds were pretreated with distilled water (control group) for 10 minutes. Seeds groups were washed under running water and transferred to sterile environment. Pretreated seeds were surface sterilized in a laminar flow hood by soaking in 70% (v/v) ethanol for 2 minutes, rinsed with sterile distilled water, immersed in 1% (v/v) sodium hypochlorite for 20 minutes, and rinsed three times with sterile distilled water. After disinfestation, the seeds were kept submerged in sterilized distilled water until inoculation.
Seeding and Culture Medium
Sterilized seeds were aseptically inoculated in two different culture medium, M1, containing distilled water, 0.6% agar and 1.88 mg L -1 gibberellic acid (GA 3 ), and M2 (control), constituted of distilled water and 0.6% agar. For each culture medium were used 10 flasks of 500 mL containing 50 mL of medium (10 seeds /flasks), previously autoclaved at 121ºC, 1 atm for 15 minutes. Of the seeds pretreated with KNO 3 aqueous solution, 50 seeds were inoculated in M1 and 50 seeds in M2 and the same procedure was follow to the seeds pretreated with distilled water (control). All cultures were incubated at 25±2°C and 16 hours photoperiod.
Determination of Germination and Cotyledon Emerging Rates
Seeds were considered germinated when the radicle was 1 mm or greater.
Germination rate was observed at 15 and 30 days and was calculated as the ratio between the number of seeds with radicle protrusion and the total number of seeds in each flask. The corresponding equation (1) used for germination rate was:
(1) = /
Where:
: Germination rate in each flask (i=1, 2, 3, 4, 5); : number of seeds with radicle protrusion in each flask; :total number of seeds in each flask (n=10).
Cotyledon emergingrate was also observed at 15 and 30 days, and it was determined as the ratio between the number of plants with cotyledon emerging and the total number of seeds in each flask. The mathematical expression (2) for calculate cotyledon emerging rate was:
: Cotyledon emerging rate in each flask (i=1, 2, 3, 4, 5); : number of plants with cotyledon emerging in each flask; : total number of seeds in each flask (n=10).
Experimental Design
In order to define the main effects of each factor, osmotic conditioning, gibberellic acid presence in germination culture medium, post-seeding time (15 and 30 days) and Capsicum baccatum L. genotypes (GN1 and GN2), as well as the interactions between factors on parameters germination and cotyledon emerging rates, a two-level full factorial design (2 4 experimental runs, five repetitions) was performed ( Table 1 ).
The level of significance (α) for statistical decisions was 0.05. Fidemann et. al. 7 Experimental planning and data analysis were carried out in Design-Expert 6.0 Software (Stat-Ease, Inc.; Minneapolis, MN, USA). 
Results
Primary results related to a two-level full factorial design (2 4 = 16) and five repetitions of each experimental combination are presented in Table 2 . The combination of distilled water (osmotic conditioning solution) +agar (germination culture medium) was the most efficient procedure for germination rate in genotype Pitanga (GN1) and this finding was independent of the total time of germination, reaching the maximum level of 74% efficiency. For genotype Cambuci (GN2), the best combination was distilled water + agar-GA 3 for initial germination (15 days) and after this period (30 days) irrelevant to the seedling development, with values ranging between 76 and 86% germination efficiency. For the seedlings development, the 1% KNO 3 (w/v) + agar-GA 3 combination showed greater efficiency in cotyledon emergence for GN1 to 30 days, reaching a maximum of 56% efficiency. For GN2 the highest cotyledon emergence efficiency was confirmed in GA 3 presence regardless the association with pretreatment. 
Germination Emerging
According to raw experimental data and confirmed by suitable statistical analysis, GN2 showed faster germination compared to GN1 ( However, the influence of germination culture medium was different for both genotypes under study. The supplementation of agar basal medium with gibberellic acid (GA 3 ) was only effective for GN2 and the corresponding seeds demonstrated superior germination rate (Figure 1a) . A contrary effect for GN1 was observed. The post-seeding time (D) showed positive significant effects, for this reason, 30 days are necessary in order to increase germination rate in vitro for both genotypes (Table 3,   Equation 3 ). For GN1, the positive influence of distilled water in the induction of in vitro germination was associated to the germination culture medium, when utilized the basal medium composed only of agar, the best germination rate was observed.
Contrary effect was confirmed for 1% KNO 3 solution, its best performance was in association to agar supplemented with GA 3 (Figure 1b) . This finding is also demonstrated for the significant interactions influence of ( • ) and ( • • ) in statistical model for germination rate (Table 3, Equation 3 ). 
Cotyledon Emerging
Statistical modeling was also performed to describe cotyledon emerging The choice of osmotic conditioning solution (distilled water or 1% KNO 3 w/v) was indifferent for cotyledon emerging rate in GN1 when water + agar was utilized as germination culture medium. On the other hand, this in vitro germination parameter was improved by distilled water compared to 1% KNO 3 w/v (higher than two-fold) for seeds corresponding to GN2 in the same culture medium (Figure 2a ).
Contrary findings were confirmed in culture medium supplemented with GA 3 ( Figure   2b ). In this case, the GN2 cotyledon emerging rate was not influenced by osmotic conditioning solution and GN1 showed higher cotyledon emerging rate when 1% KNO 3 w/v was used as osmotic conditioning solution (higher than two-fold, using distilled water as a reference). 
Discussion
The natural process of seed germination reflects a physiological sequence of events that is strongly influenced by external and internal factors, such as environmental conditions, dormancy, germination inhibitors, or inducers. Such factors may act alone or integrated in order to transform the germination process in a biological event that determines the retake of metabolic activity and embryo plant growth with consequent emergence and development, radicle, hypocotyl and cotyledons (Bewley, Bradford, Hilhorst, & Nonogaki, 2013) .
The parameters that determine the germination process and seedling development to establish the in vitro culture conditions should follow the natural process sequence. Therefore, it is necessary to seek a balance between physiological seed quality, utilized genotype, the culture medium composition, and the in vitro development itself. This study aimed to evaluate in an integrative approach the germinability of two Capsicum baccatum genotypes under variations in seed priming and composition of the culture medium.
Our results show that genotypes Pitanga (GN1) and Cambuci (GN2) from In general, the germination period can be long and variable between different pepper species and the process could be uneven. The optimum germination temperature is about 30ºC and no specific light condition seems necessary for germination. However, several pretreatments can be used to enhance seed germination and seedlings emergence as e.g. potassium nitrate (KNO 3 ), gibberellic acid (GA 3 ) and sodium hypochlorite(Paul W. Bosland & Votava, 2012; Cano-Vázquez et al., 2015; Cortez-Baheza et al., 2011) . Ex vitro pre-germination treatments has been used on different plant seeds species in order to increase the seeds germination, reducing the time between sowing and seedling emergence and enhance the seed tolerance to adverse environmental conditions. In this context, the priming is a promising treatment and it involves soaking seeds in natural or synthetic solutions under controlled conditions (temperature, light and time) followed or not by drying the seeds to the initial conditions of moisture content.
The seed hydration to a certain level, allows the initial germination stages of the process to happen, however, without radicle protrusion. This process tends to result in even and quicker germination (Ibrahim, 2016; Manonmani, Junaithal, & Jayanthi, 2014; Paparella et al., 2015; Singh et al., 2015) . Fidemann et. al. 15 In Capsicum annuum Kikuti et al. (2005) showed that conditioning with KNO 3 is effective to improve seed performance and the increase of exposure time to the priming solutions favors the process of ex vitro germination of sweet pepper. Batista et al. (2015) demonstrated that priming for the ex vitro germination of Capsicumfrutescens is active in the emergence speed and the KNO 3 usage increases the seedlings dry weight, however the seeds quality is related to the germination treatments results.
Under the in vitro evaluated conditions, the genotype Pitanga (GN1) germinated better once priming with distilled water while genotype Cambuci (GN2)
showed no difference in response to the pre-treatment with distilled water and KNO 3 .
For GN1 the KNO 3 did not influence the germination, water was enough to start the seeds germination. In contrast, GN2 showed indifferent behavior to priming treatments. Such behavior reflects the fact that each genotype has its own needs to start the germination process, determined by the conditions of seed formation and genetic composition, reflecting therefore divergence in the germination response (Popinigis, 1985) .
As to cotyledons emergence, the genotype, the germination culture medium and post-seeding time as well as their interactions were more effective at 30 days postseeding time, though such conditions were not sufficient to reduce this time. For GN1 the use of distilled water or 1% KNO 3 w/v was indifferent for cotyledon emerging rate when agar was utilized as the germination culture medium, indicating that this genotype is more vigorous and their genetic composition allows its development without the direct action of inductors or development stimulators.
For the germination behavior in the culture medium, was observed that the gibberellic acid (GA 3 ) presence influenced differentially seed germination and seedling growth. For GN2 (Pitanga) the culture medium containing gibberellic acid was effective in seed germination, but such treatment had no influence for GN1 (Cambuci). According to Vipranarayana et al. (2012) , GA 3 also works effectively on in vitro seed germination of Pterocarpussantalinus (Fabaceae -medicinal plant), probably breaks the dormancy and stimulates seed germination via synthesis of α-amylase and other hydrolyses.
According to Kucera et al. (2005) Gibberellic acid promotes germination being required for embryo cell elongation, for overcoming coat restrictions to germination of non-dormant and dormant seeds, and for inducing endosperm weakening (Gupta & Chakrabarty, 2013) .
In the present study we choose the combination of hydropriming (in water) and halopriming (in solution of inorganic salts, i.e. KNO 3 ) as indicated in studies on the ex vitro seed germination of several species including Capsicum and that have shown variable germination patterns and seedling emergence (Aloui, Souguir, & Hannachi, 2014; Batista et al., 2015; Cortez-Baheza et al., 2011; Maiti, Rajkumar, Jagan, Pramanik, & Vidyasagar, 2013; Smith & Cobb, 1991) . Among the most diverse treatments suggested in the literature (water, NaCl, CaCl 2 , KCl, PEG, KNO 3 , GA 3 , e.g.) those involving potassium nitrate (KNO 3 ) and gibberellic acid (GA 3 ) have shown promising results (Paul W. Bosland & Votava, 2012) , because such compounds assist in expression of the physiological seeds potential (Nascimento, 2005) . Fidemann et. al. 17 Regeneration in vitrostudies in Capsicum has mostly evaluated the behavior in commercial genotypes of Capsicumannuum, Capsicumchinense and Capsicumfrutescens.
These studies have resulted in different protocols and observed a significant diversity of morphogenetic responses dependent on genotype, the explant type and the culture medium conditions (Akram, Gaafar, Safwat, & Diab, 2011; Bora et al., 2014; Gogoi, Acharjee, & Devi, 2014; Grozeva, Rodeva, & Kintzios, 2009; Manzur et al., 2013; Orlinska & Nowaczyk, 2015; Raj, Glint, & Babu, 2015; Valadez-Bustos et al., 2009; Verma, Dhiman, & Srivastava, 2013) . Among the various types of explants for the initial establishment of in vitro cultures, the seeds have advantages such as rapid growth, rapid availability of material for subsequent cultivation stages. However, regard the in vitro germination involving Capsicum species, different protocols available have directed attention to the seeds surface sterilizing procedures and the composition of the culture medium for germination. Most common sterilizing processes are the application of 0.1% HgCl and 70% ethanol, followed by inoculation in Murashige and Skoog basal culture medium. Hormones are mostly used after seedling is developed also in MS basal culture medium, not intending to reduce growth time, but to induce multiple shoot bud, callus formation, plant regeneration, flower induction, fruit development and rooting. Considerations for seed viability in germination rate or even seeds pretreatment, which can trigger or enhance germination, were not still reported (Bora et al., 2014; Manzur et al., 2013; Orlinska & Nowaczyk, 2015; Verma et al., 2013) .
In this study we investigated the germination phenomena using a system's approach, as a function of the four essential parameters onin vitro cultivation (genotype, seed pretreatment, germination medium and time) and was confirmed that the best responses for the two Capsicum baccatum L. genotypes under consideration were different in germination rate terms, water + agar for Pitanga (GN1), and water + agar-GA 3 for Cambuci (GN2).
On the other hand, the seedling development was stimulated by the combination of 1% KNO 3 + agar-GA 3 for genotype Pitanga (GN1), whereas the same optimal combination for rate of germination events was observed for Cambuci (GN2). In general, for both genotypes, the post-seeding time was not reduced using the osmotic conditioning solutions and germination culture media assessed.
The use of inducing agents or enhancers such as water, KNO 3 and/or GA 3, can be very effective to raise the germination process and enhance embryo development in different Capsicum baccatumgenotypes. However, these parameters should be considered in an integrated manner so that it is possible to enhance or maximize the germination rate and lead to obtaining aseptic healthy seedling that can be employed as the explant source for in vitro culture protocols.
We concluded that for genotypes Pitanga(GN1) and Cambuci (GN2) both Capsicum baccatum L. the optimal treatments combinations were water (osmotic conditioning solution) + agar (germination culture medium) and water + agar-GA 3 , respectively; and that the two-level full factorial experimental design (2 4 ) was effective to show differential responses for genotypes front of four main factors involved at in vitro germination phenomenon. It was established the most suitable conditions for the early bioprocess stage for producing secondary metabolites from in vitro culture of this specie, using a system's approach.
